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(54) Fluid Pumping Systems, Energy 
Recovery Means and Methods of 
Delivering Fresh Brine to Reverse 
Osmosis Devices 

(57) In a motor-pumping apparatus for 
the recovery of energy from spent 
brine discharged through an outlet 
( 1 4) from a reverse osmosis 
desalination system (1 0), the 
recovered energy is used to pump a 
portion of the fresh brine input (46) to 
the system. The apparatus includes a 
pair of closed cylinders (22-1 , 22-2) 
having therein reciprocable pistons 
(24-1, 24-2) which are interconnected 



for simultaneous movement. A valve 
(42) is movable by an actuator (54) 
responsive to the position of the 
piston to connect, in a first position, 
the spent brine outlet (14) to a large 
piston area side of one cylinder while 
venting spent brine from a large piston 
area side of the other cylinder. In the 
second position of the valve the spent 
brine outlet communicates with the 
large piston area side of the other 
cylinder while venting spent brine 
from the large piston area side of the 
one cylinder. Because of the 
differential opposite surface areas of 
the motor-pump pistons (24-1, 24-2), 
fresh brine is pumped from the 
cylinders (22-1 , 22-2) at a pressure 
higher than the pressure of spent 
brine. Fresh brine from a source is 
alternately admitted to and pumped 
from the small piston area sides of the 
cylinder under the control of check 
valves (70-1 , 70-2, 72-1 , 72-2) or a 
four-way valve controlled by the 
actuators (54) Fig. 1 (not shown). 
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SPECIFICATION 

Fluid Pumping Systems, Energy Recovery 
Means and Methods of Delivering Fresh Brine 
to Reverse Osmosis Devices 

5 This invention relates to fluid pumping 

systems, energy recovery means and methods of 
delivering fresh brine to reverse osmosis devices. 

Reverse osmosis systems have long been used 
for purifying water from salt-contaminated wells, 

1 0 cleaning industrial wastes, and the like, wherein 
salt concentrations of less than 5,000 parts per 
million (ppm) are present. Because of the low 
concentrations involved, the required pressure 
also is low, of the order of 1 379 to 2069 kPa 

1 5 (200 to 300 lbf/in 2 ). and the recovery (i.e. 

percentage of brine pumped which is converted to 
fresh water) is high, of the order of 90 — 95 
percent; only a small amount of concentrated 
brine being needed to carry away the salts 

20 rejected by the reverse osmosis membrane. 
Seawater reverse osmosis desalination is 
known, of course, which involves obtaining fresh 
water from seawater in which the salt 
concentration is of the order of, say, 35,000 to 

25 40,000 ppm. Now, the required pressure is of the 
order of 551 6 to 6895 kPa (800—1000 lbf/in 2 ), 
and recovery is no greater than about 30 percent 
before the concentration of the brine exceeds the 
solubility levels for some of its constitutents. 

30 Some pretreatment of the seawater is required for 
a 30 percent recovery; the 30 percent figure 
representing an optional balance between the 
costs of pretreatment and the present costs of 
pumping. The disposal of 70 percent of the high 

35 pressure brine from the reverse osmosis device 
represents a significant energy loss, and requires 
a significant investment In pumping equipment. 

Energy recovery means for recovering energy 
from the high pressure spent brine discharged 

40 from reverse osmosis systems are known as 
shown, for example, in U.S. Patent 3 825 1 22 to 
Taylor. Federal Republic of Germany Patent No. 2 
812 761 to Keefer, and in an article entitled 
Development of Flow Work Exchangers for Energy 

45 Recovery in Reverse Osmosis Plant, Research and 
Development Progress Report No. 680, April 
1 971 , by Gilbert et al, U.S. Government Printing 
Office Stock No. 2400-0633. A current survey 
type article on the subject, 'Office of Water 

50 Research and Technology Research Program on 
Energy Recovery Systems' was presented by M. 
R. Mattson and E. P. Easton. Jr. at the National 
Water Supply Improvement Association 
Conference (USA) in July 1 980. With prior art 

55 arrangements pumping means operated by the 
spent brine discharged from the reverse osmosis 
system are incapable of operating at a sufficiently 
high discharge pressure to feed fresh brine to the 
system without the use of some auxiliary booster 

60 pump which, of course, adds to the initial and 
maintenance costs of such systems. 

According to a first aspect of the invention 
there is provided a fluid pumping system 
comprising, 



65 a plurality of motor-pump units each of which 
includes a closed cylinder and a piston 
reciprocably movable therein, each piston having 
opposite inner and outer faces of different 
effective area, a motor chamber being formed by 

70 the outer face of each piston and the outer closed 
end of the associated cylinder, and a pumping 
chamber being formed by the inner face of each 
piston and the inner closed end of the associated 
cylinder, 

75 means for interconnecting the inner faces of 
the pistons for simultaneous reciprocating 
movement of the pistons, 

means for sequentially supplying motive fluid 
to said motor chambers to sequentially produce 
80 piston movement toward the inner closed end of 
the associated cylinders and for simultaneously 
sequentially pumping fluid from the pumping 
chambers for sequential pumping operation of 
said motor-pump units, and 
85 means for sequentially supplying fluid to be 
pumped to the pumping chambers and for 
simultaneously sequentially discharging motive 
fluid from the motor chambers during piston 
movement toward the outer closed end of the 
90 associated cylinders. 

According to a second aspect of the invention 
there is provided a fluid pumping system 
comprising, 

first and second closed cylinders, 
95 first and second pistons reciprocably movable 
in said respective first and second cylinders, each 
piston having opposite first and second faces, one 
of which is larger than the other, 

means interconnecting the second faces of the 
1 00 pistons for simultaneous movement thereof, 
each cylinder having first inlet-outlet port 
means for inflow and outflow of an operating fluid 
adjacent the first face of the associated piston, 
and second inlet-outlet port means for inflow and 
1 05 outflow of a fluid to be pumped adjacent the 
second face of the associated piston, 

each piston being movable between a start 
position adjacent the first port means of the 
associated cylinder and an end position adjacent 
110 the second port means such that when said first 
piston is in its start position the second piston is 
in its end position and, as operating fluid under 
pressure is admitted to the first cylinder through 
said first port means thereof, the first piston is 
1 1 5 moved to its end position and the second piston is 
moved by said interconnecting means to its start 
position, such movements being reversed upon 
admission of operating fluid under pressure to 
said second cylinder through said first port means 
120 thereof, and 

means for admitting fluid to be pumped to said 
second cylinder through said second port means 
thereof and simultaneously discharging pumped 
fluid from said first cylinder through said second 
1 25 port means thereof when said first piston is 
moved from its start to its end position, and for 
admitting fluid to be pumped to said first cylinder 
through said second port means thereof and 
simultaneously discharging pumped fluid from 
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said second cylinder through said second port 
means thereof when said second piston is moved 
from its start to its end position. 

According to a third aspect of the invention 
5 there is provided energy recovery means for use 
in pumping fresh brine to a reverse osmosis 
system, or the like, which system includes an inlet 
conduit to which fresh brine is pumped, a fresh 
water outlet from which fresh wafer is 

1 0 discharged, and a spent brine outlet conduit from 
which spent brine is discharged at a pressure less 
than the pressure of fresh brine at the inlet 
conduit, a source of fresh brine, and a main pump 
for supplying brine from the fresh brine source to 

1 5 the fresh brine inlet conduit, said energy recovery 
means including, 

first and second axially aligned cylinders having 
opposite closed inner and outer ends, 

first and second pistons axially movable in said 

20 respective first and second cylinders, each piston 
having opposed inner and outer faces, 

means for interconnecting the inner faces of 
the pistons for simultaneous movement thereof, 
the effective area of the outer faces being greater 

25 than that of the inner faces thereof, 

means including first valve means movable 
between first and second conditions for directing 
spent brine from the reverse osmosis system to 
the outer end of the first cylinder to drive said 

30 interconnected pistons in one direction while 
venting spent brine from the outer end of the 
second cylinder in the first condition of said first 
valve means, and for directing spent brine from 
the reverse osmosis system to the outer end of 

35 the second cylinder to drive said interconnected 
pistons in an opposite direction while venting 
spent brine from the outer and of the first cylinder 
in the second condition of said first valve means, 
and 

40 means including second valve means for 
directing fresh brine from a fresh brine source to 
the inner end of the second cylinder while 
directing fresh brine contained in the inner end of 
the first cylinder to the fresh brine inlet of the 

45 reverse osmosis system during movement of said 
pistons in said one direction, and for directing 
fresh brine from a fresh brine source to the inner 
end of the first cylinder while directing fresh brine 
contained in the inner end of the second cylinder 

50 to the fresh brine inlet of the reverse osmosis 
system during movement of said pistons in said 
opposite direction. 

According to a fourth aspect of the invention 
there is provided a method of delivering fresh 

55 brine to a reverse osmosis device, or the like, by 
use of main pump means and a plurality of 
interconnected motor-pump means using spent 
brine from the reverse osmosis device as motive 
fluid for said motor-pump means, each motor- 

60 pump means including a closed cylinder with a 
reciprocably movable piston therein separating 
the cylinder into motor and pump chambers, each 
piston having opposite faces of different effective 
area with the larger piston face being included in 

65 the motor chamber and the smallerface in the 



pump chamber for pressure amplification, said 
pistons being interconnected for simultaneous 
movement thereof, said method comprising 
sequentially supplying spent brine from the 

70 reverse osmosis device to the motor chambers for 
piston movement from start to end positions 
while simultaneously sequentially pumping fresh 
brine from the associated pump chambers to the 
inlet of the reverse osmosis device, and 

75 sequentially supplying fresh brine to the pump 
chambers, while simultaneously sequentially 
dumping spent brine from the associated motor 
chambers during return piston movement from 
end to start positions. 

80 A feature of a preferred embodiment of this 
invention described below is the recovery of 
energy from fluid discharged under pressure from 
an operating system and the use of said energy to 
supply feed fluid to said system. More specifically, 

85 fresh brine is pumped at high pressure to the inlet 
of a reverse osmosis desalination system using 
spent brine from said system as motive fluid for 
operation of high pressure pumping means. The 
preferred embodiment is of extremely simple 

90 design and readily capable of use with existing 
reverse osmosis desalination plants of different 
capacity, and may be operated to increase both 
the efficiency and/or capacity of the plant. 
The preferred embodiment of this invention 

95 includes a plurality of closed cylinders, each with 
a piston reciprocally movable therein. The piston 
are interconnected by piston rods for 
simultaneous piston motion. The opposite faces 
of the pistons are of different effective area to 
1 00 provide for pressure amplification in the pumping 
of fresh brine to the reverse osmosis system by 
spent brine from the system. Spent brine is 
sequentially supplied through suitable valve 
means to the cylinders to the large face of the 
1 05 associated piston to produce reciprocating motion 
of the interconnected pistons. Simultaneously, 
fresh brine at the opposite end of the cylinders is 
sequentially pumped to the inlet of the reverse 
osmosis system to augment the supply of fresh 
110 brine provided by main pumping means. During 
the return piston stroke, spent brine is discharged 
from the one end of the associated cylinder and 
fresh brine from a suitable source thereof is 
supplied to the other end thereof. 
1 1 5 The invention will now be further described, by 
way of illustrative and non-limiting example, with 
reference to the accompanying drawings, in 
which like reference characters refer to the same 
parts in the several views, and in which: — 
120 Fig. 1 is a schematic diagram showing a 
reverse osmosis system which includes energy 
recovery means embodying the present invention; 

Fig. 2 is a schematic diagram which is similar 
to that of Fig. 1 but showing a slightly modified 
1 25 form of energy recovery means embodying the 
invention; and 

Fig. 3 is a graph showing the pumping 
requirements of a typical reverse osmosis system 
and showing operating characteristics with and 
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without the energy recovery means embodying 
the present invention. 

Reference first is made to Fig. 1 of the 
drawings wherein a reverse osmosis device 1 0 for 
5 desalination of seawater is shown which includes 
a fresh brine inlet 1 2, spent brine outlet 1 4, and 
fresh water outlet 1 6. Fresh brine from a source of 
' pretreated seawater, not shown, is supplied to the 
inlet of the reverse osmosis device by means of a 

10 high pressure pump 1 8. Water passes through 
semipermeable membranes included in the 
reverse osmosis device 1 0 and is discharged from 
the fresh water outlet 1 6. Concentrated salt water 
is discharged from the spent brine outlet 1 4 at a 

1 5 lower pressure than the inlet pressure. For 
illustration only, and not by way of limitation, 
fresh brine inlet and spent brine outlet pressures 
of the order of 5930 kPa (860 lbf/in 2 ) and 551 6 
kPa {800 lbf/in 2 ), respectively, may be employed. 

20 The energy recovery means embodying the 
present invention includes a plurality of 
interconnected fluid motor-pump devices; two 
such devices 20-1 and 20-2 being shown in Fig. 
1 . They include first and second closed cylinders 

25 22-1 and 22-2 containing reciprocable pistons 
24-1 and 24-2. Seal rings 26-1 and 26-2 provide 
a substantially fluid-tight engagement between 
the pistons and associated cylinder walls while 
allowing for sliding movement of the pistons in 

30 the cylinders. First, end walls 28-1 and 28-2 close 
the outer ends of the cylinders 22-1 and 22-2. 
The cylinders may be axially aligned and integrally 
formed, as shown, and provided with a unitary 
inner end wall 30 at the inner ends thereof. 

35 The pistons 24-1 and 24-2 are interconnected 
for simultaneous movement thereof. In the 
illustrated arrangement wherein the cylinders are 
axially aligned, a unitary connecting rod 32 is 
used to interconnect the pistons, which 

40 connecting rod extends through an aperture in the 
inner end wall 30. A small diameter seal ring 34 
at the wall aperture provides a sealing 
engagement between the rod and wall while 
allowing for axial movement of the rod therewith. 

45 The cylinders 20-1 and 20-2 are provided with 
inlet-outlet port means adjacent opposite ends 
thereof for inflow and outflow of an operating 
fluid at the outer end of the cylinders, and for 
inflow and outflow of a fluid to be pumped at the 

50 inner end of the cylinders. As used herein the 
inner end of the cylinder refers to the end of the 
cylinder extending in the same direction as the 
associated piston rod. In the drawing, the unitary 
end wall 30 is located at the inner ends of the 

55 cylinders, and the first end walls 28-1 and 28-2 
are located at the outer ends thereof. Inlet-outlet 
ports 36-1 and 36-2 for operating fluid are 
provided adjacent the outer ends of cylinders 22- 
1 and 22-2, respectively, and inlet-outlet ports 

60 38-1 and 38-2 for fluid to be pumped are 

provided adjacent the inner ends of the respective 
cylinders 22-1 and 22-2. For use with the reverse 
osmosis device 10, the operating fluid comprises 
spent brine supplied to ports 36-1 and 36-2 from 

65 the device 1 0 through spent brine outlet conduit 



1 4 and a first four-way valve 42. Spent brine is 
discharged from the cylinders through the four- 
way valve 42 and a discharge conduit 44. Fresh 
brine to be pumped to the reverse osmosis device 

70 by the motor-pump 20-1 and 20-2 is supplied to 
the inlet-outlet ports 38-1 and 38-2 at the inner 
ends of the cylinders through a supply conduit 46 
from the source of fresh brine and a second four- 
way valve 48. Fresh brine is pumped from the 

75 ports 38-1 and 38-2 through the four-way valve 
48, conduit 50, a throttle valve 52, and the inlet 
conduit 1 2 to the reverse osmosis device 1 0. 

The two-position four-way valves 42 and 48 
are actuated by an actuator 54 of any suitable 

80 type, such as a hydraulic pneumatic, solenoid, or 
like actuator. For purposes of description, the 
actuator may include solenoids for shifting the 
valves in opposite directions. Transducers 56 and 
58 are located adjacent opposite ends of the 

85 cylinder 22-1 for sensing the piston 24-1 at the 
respective opposite start and end positions of 
travel of the piston. Proximity detecting 
transducers of the capacitive, magnetic, or like 
type, may be employed. The transducer outputs 

90 are connected to the actuator 54 through a 
control unit 60. When the piston 24-1 is sensed 
by transducer 56, the signal therefrom to the 
control unit 60 results in a control unit output 
which is supplied to the actuator 54 for shifting 

95 the valves 42 and 48 to reverse the direction of 
flow of fluid to and from the cylinder chambers. At 
the other end of piston travel the transducer 58 
provides an output to the control unit 60 for 
energizing the actuator 54 to shift the valves 42 
1 00 and 48 back to the illustrated positions. 
The throttle valve 52 in the fresh brine 
discharge line 50 from the motor-pump units 20- 
1 and 20-2 controls the system pressure. The 
fresh brine inlet pressure to the reverse osmosis 
1 05 device is sensed by a pressure transducer 62 
having a variable electrical output which is 
supplied to a valve operator 64 which, in turn, . 
controls opening and closing of the throttle valve 
52. Assuming use of a positive displacement 
1 1 0 primary pump 1 8, with an increase in pressure 
sensed by pressure transducer 62 the throttle 
valve 52 is further opened which allows the 
energy recovery device to operate faster 
increasing the brine exit rate from the total 
1 1 5 system and reducing the system pressure. If 
desired, the throttle valve 52 may be located in 
spent brine outlet conduit 14, in a manner shown 
in Fig. 2, for system pressure control. 

Although the operation of the system shown in 
1 20 Fig. 1 is believed to be apparent, a brief 

description thereof now will be given. Fresh brine 
at low pressure is supplied to the high pressure 
primary pump 1 8 and to the pumping chamber of 
one or the other of the motor-pump unit 20-1 or 
1 25 20-2, depending upon the position of the valve 
48. In the illustrated position of the four-way 
valves 42 and 48, the pistons 24-1 and 24-2 are 
moved toward the left, as viewed in Fig. 1 , in the 
direction of the full-line arrow inside cylinder 22- 
1 30 2. At such time, liquid flow in various system 
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conduits is in the direction of full line arrows 
adjacent the conduits. The broken-line arrows 
show the direction of piston movement and fluid 
flow when the valves 42 and 48 are shifted to 
5 their other positions. It will be apparent, then, that 
in the illustrated position of the valve 48, fresh 
brine is supplied to the inner chamber of the 
cylinder 22-1 through port 38-1. Simultaneously, 
spent brine is pumped from the outer end of the 

1 0 first cylinder 22-1 through port 36-1 , valve 42 
and conduit 44 to a suitable brine dump. The 
pistons are driven by spent brine from the reverse 
osmosis device 10 supplied through conduit 14 
and valve 42 to the outer end of the second 

1 5 cylinder 22-2, through port 36-2. Fresh brine at 
the inner end of the cylinder 22-2 is pumped 
through port 38-2, valve 48, conduit 50, throttle 
valve 52, and conduit 12 to the inlet of the 
reverse osmosis device 10. It will be apparent, 

20 then, that fresh brine is supplied to the reverse 
osmosis device at high pressure both from the 
main high pressure pump 1 8 and from the energy 
recovery device. 

When the pistons reach the left-most limit of 

25 travel, as viewed in Fig. 1 , the transducer 56 
senses piston 24-1 and supplies an output to 
control unit 60 which, in turn, energizes a 
solenoid included in actuator 54 to 
simultaneously operate the valves 42 and 48 to a 

30 second valve position. As a result, fluid flow to 
and from the cylinders is reversed whereby spent 
brine from the reverse osmosis device 10 now is 
supplied to the outer end of cylinder 22-1 to drive 
the interconnected pistons to the right; fresh brine 

35 from the cylinder 22-1 is pumped through port 
38-1 to the reverse osmosis device; fresh brine 
from the source thereof is supplied to the cylinder 
22-2 through port 38-2 to recharge the same; 
and spent brine is discharged from the cylinder 

40 22-2 through 36-2. When the piston 24-1 

reaches its end position adjacent transducer 58, it 
is sensed by the transducer which supplies an 
output to control unit 60 which, then, energizes 
another solenoid in actuator 54 to return the 

45 valves 42 and 48 to the illustrated first position, 
and the energy recovery cycle is repeated. 

It will be apparent that the inner faces of the 
pistons have a smaller effective surface area than 
the outer faces due to the attachment of the 

50 connecting rod means 32 thereto. With such 
differential effective surface area, fresh brine is 
discharged from the cylinders at a pressure 
greater than the pressure of spent brine motive 
fluid supplied thereto. There is, then, a pressure 

55 amplification related to the differential piston 
surface area. Energy for discharging spent brine 
from the opposite cylinder may be provided, 
primarily, by the low pressure source of fresh 
brine supplied to the cylinder during recharging 

60 thereof. With this arrangement, no additional 
pumps are required to increase the pressure of 
the fresh brine supplied to the reverse osmosis by 
said energy recovery device. 

Reference now Is made to Fig. 2 wherein a 

65 modified embodiment of this invention is shown 



wherein a plurality of check valves are employed 
in place of the second four-way valve 48 for use 
in conducting fresh brine to and from the energy 
recovery device. The motor-pump units, here 

70 identified by reference characters 20'-1 and 20'- 
2 may be of the same construction as units 20-1 
and 20-2 shown in Fig. 1 and described above. 
However, for purposes of illustration, the units are 
shown to include cylinders 22'-1 and 22'-2 which 

75 include separate inlet and outlet ports 38-1 A and 
38-1 B, and 38-2A and 38-2B in place of the 
respective inlet-outlet ports 38-1 and 38-2. The 
pistons and remainder of the cylinders are the 
same as shown in the Fig. 1 arrangement. A 
80 source of fresh brine from conduit 46 is supplied 
to the inlet ports 38-1 A and 38-2A through check 
valves 70-1 and 70-2, respectively. Similarly, 
check valves 72-1 and 72-2 connect the outlet 
ports 38-1 B and 38-2B, respectively, to the 
85 conduit 50 which communicates with the inlet 
conduit 1 2 to the reverse osmosis device. It will 
be apparent that check valve 70-1 and 72-2 are 
open and check valves 70-2 and 72-1 are closed 
during movement of the pistons to the left as 
90 viewed in Fig. 2; the piston movement and fluid 
flow direction being shown by the full line arrows. 
When the piston 24-1 reaches the left-most limit 
of travel, and is detected by transducer 56, the 
control unit 60 provides an output to the actuator 
95 54 for movement of the four-way valve 42 to its 
other condition, not shown. Now, as the pistons 
are moved to the right, as viewed inFig. 2, the 
check valves 70-2 and 72-1 are opened, and 
check valves 70-1 and 72-2 are closed and the 

1 00 direction of fresh brine fluid flow to and from the 
inner ends of the cylinders is reversed. Transducer 
58 senses piston 24-2 at the right-most end of 
piston travel for return of the four-way valve 42 to 
the illustrated condition. 

1 05 In the Fig. 2 arrangement, the throttle valve 52 
is included in the outlet conduit 1 4 from the 
reverse osmosis device, instead of the output line 
50 from the recovery device. (Obviously, it could 
be included in line 50, in the manner shown in 

1 1 0 Fig. 1 J With this arrangement, the pressure of 
spent brine from the reverse osmosis device 1 0 
supplied to the energy recovery cylinders is 
controlled for system pressure control. Again, 
assuming use of a positive displacement primary 

1 1 5 pump 1 8, an increase in pressure at the inlet 
conduit 1 2 sensed by pressure transducer 62 
causes the valve operator 64 to further open the 
throttle valve 52 to reduce the system pressure. 
Reference now is made to Fig. 3 wherein a 

1 20 graph of main pumping capacity required to 
produce a unit of desalinated outflow versus 
recovery i.e. the ratio of desalinated water to total 
brine pumped to the reverse-osmosis canisters, is 
shown. The upper curve 80 shows pumping 

125 requirements for a conventional reverse osmosis 
system wherein no energy recovery is employed, 
ft will be seen, for example, that at an operating 
point for 30 percent recovery from pretreated 
seawater, 3.33 U.S. gallons (12.60 litres) of brine 

1 30 must be pumped for each gallon of freshwater 
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produced. (See point A, curve 80.) As suggested 
above, in the introduction to this specification, 
operation at approximately a 30 percent recovery 
rate for pretreated seawater is common. 
5 With the use of the present system to pump a 
portion of the fresh brine, the main pump 1 8 is 
required to pump a much smaller amount of fresh 
brine to the reverse osmosis system. The lower 
curve 48 shows the same information using the 

10 present energy recovery system to pump a 
portion of fresh brine. The curve 84 shows 
operation using motor-pump means having 
pistons wherein the effective area of the inner 
piston face is 85 percent of the effective area of 

1 5 the outer face thereof. In the illustrated recovery 
systems, the diameter of the connecting rod 
means 32 employed is one factor in establishing 
the area ratio across the pistons, and area ratios 
of 85% are readily achieved. The area ratio 

20 employed depends upon hydraulic losses in the 
system, including losses in the reverse osmosis 
canisters, and the energy recovery device itself. 
Assuming an 85% area ratio, it will be seen that 
at 30% recovery (point B, curve 84), only 1 .35 

25 U.S. gallons (5.1 1 litres) of fresh brine need be 
supplied by the main pump 1 8 for each gallon of 
fresh water delivered. A total of 3.33 U.S. gallons 
(T2.60 litres) must still be pumped, but of this 
total, the energy recovery device would pump 

30 1.98 U.S. gallons (7.49 litres). The energy cost for 
operation of the system would be decreased 
approximately 60%. Obviously, smaller main 
pumps and engines for operating the same may 
be employed in systems utilizing an energy 

35 recovery system embodying this invention. 

With such significant savings in pump, engine, 
and pumping costs, the operating point of the 
reverse osmosis system could be shifted for 
operation at a lower recovery ratio to reduce the 

40 need for pretreatment. At a recovery ratio of 0.2, 
for example, the only pretreatment required 
would be filtering. (See point C at curve 84.) The 
cost of pumping would still be less than half of 
what it would be at the 30% operating point 

45 without energy recovery, with total elimination of 
pretreatment costs, except for filtering. At the 
lower recovery ratio, the membrane replacement 
rate also would be decreased for added savings. 
With the present recovery system, the piston 

50 seal rings 26-1 and 26-2 included in the motor- 
pump units are subjected to relatively low 
pressure differences. As noted, the motor-pump 
units operate with pressure amplification; and the 
piston seals must withstand such pressure 

55 augmentation, which is made essentially 

equivalent to the flow-pressure drop through the 
reverse osmosis canister 1 0. Pressures of the 
order of only, say, 41 4— 552 kPa (60—80 lbf/in 2 ) 
are typical. The smaller piston rod seal 34 must, 

60 of course, withstand much higher pressures.With 
the illustrated arrangement, wherein a unitary 
inner wall 30 is provided between cylinders, only 
a single piston rod seal is required. Being of a 
smaller diameter, sealing problems are 

65. substantially reduced. Use of the illustrated axialiy 



aligned cylinders also reduces alignment 
problems, thus making piston design simple. Also, 
since flow work is transferred directly across the 
pistons, and not by forces in the piston rod 
70 means, the rod is not a major load-carrying 
element. Its size can be selected by other 
constraints, namely the necessary pressure 
amplification. Since the energy recovery device 
operates at a speed directly related to the flow 
75 rate of the reverse osmosis system, one size 

device (or multiples of devices) will operate with a 
wide range of reverse osmosis systems. Since the 
present energy recovery system is independent of 
the main fresh brine pump(s) the application of 
80 the invention to existing reverse osmosis systems 
is practical, uncomplicated, and economical. 
Capacity of an existing desalination plant easily 
could be doubled with the addition of the present 
energy recovery device by using the same main 
85 pump(s). 

The invention having been described in detail, 
various other changes and modifications will 
suggest themselves to those skilled in this art. For 
example, the energy recovery device may include 
90 more than the illustrated two motor-pump units 
shown in Figs. 1 and 2. Three or more motor- 
pump cylinders may be employed having their 
piston rods interconnected by use of a crank. The 
start positions of the pistons may be staggered to 
95 provide a more uniform rate of pumping of fresh 
brine to the osmosis system by the energy 
recovery system. 

Claims 

1. A fluid pumping system comprising, 

1 00 a plurality of motor-pump units each of which 
includes a closed cylinder and a piston 
reciprocably movable therein, each piston having 
opposite inner and outer faces of different 
effective area, a motor chamber being formed by 

1 05 the outer face of each piston and the outer closed 
end of the associated cylinder, and a pumping 
chamber being formed by the inner face of each 
piston and the inner closed end of the associated 
cylinder, 

1 1 0 means for interconnecting the inner faces of 
the pistons for simultaneous reciprocating 
movement of the pistons, 

means for sequentially supplying motive fluid 
to said motor chambers to sequentially produce 

115 piston movement toward the inner closed end of 
the associated cylinders and for simultaneously 
sequentially pumping fluid from the pumping 
chambers for sequential pumping operation of 
said motor-pump units, and 

1 20 means for sequentially supplying fluid to be 
pumped to the pumping chambers and for 
simultaneously sequentially discharging motive 
fluid from the motor chambers during piston 
movement toward the outer closed end of the 

125 associated cylinders. 

2. A fluid pumping system as defined in Claim 
1 wherein the inner piston faces are smaller than 
the outer piston faces and fluid is pumped from 
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the pumping chambers at a higher pressure than 
motive fluid supplied to said motor chambers. 

3. A fluid pumping system as defined in Claim 
1 wherein said system includes a pair of said 

5 motor-pump units having axially aligned cylinders, 
and said means for interconnecting the inner 
faces of the pistons comprises a piston rod. 

4. A fluid pumping system as defined in Claim 
3 wherein said cylinders include a unitary inner 

1 0 end wajl through which said piston rod extends in 
sliding fluid-tight engagement therewith. 

5. A fluid pumping system comprising, 
first and second closed cylinders, 

first and second pistons reciprocably movable 

1 5 in said respective first and second cylinders, each 
piston having opposite first and second faces, one 
of which is larger than the other, 

means interconnecting the second faces of the 
pistons for simultaneous movement thereof, 

20 each cylinder having first inlet-outlet port 

means for inflow and outflow of an operating fluid 
adjacent the first face of the associated piston, 
and second inlet-outlet port means for inflow and 
outflow of a fluid to be pumped adjacent the 

25 second face of the associated piston, 

each piston being movable between a start 
position adjacent the first port means of the 
associated cylinder and an end position adjacent 
the second port means such that when said first 

30 piston is in its start position the second piston Is 
In its end position and, as operating fluid under 
pressure is admitted to the first cylinder through 
said first port means thereof, the first piston is 
moved to its end position and the second piston is 

35 moved by said interconnecting means to its start 
position, such movements being reversed upon 
admission of operating fluid under pressure to 
said second cylinder through said first port means 
• thereof, and 

40 means for admitting fluid to be pumped to said 
second cylinder through said second port means 
thereof and simultaneously discharging pumped 
fluid from said first cylinder through said second 
port means thereof when said first piston is 

45 moved from its start to its end position, and for 
admitting fluid to be pumped to said first cylinder 
through said second port means thereof and 
simultaneously discharging pumped fluid from 
said second cylinder through said second port 

50 means thereof when said second piston is moved 
from its start to its end position. 

6. A fluid pumping system as defined in Claim 

5 including first four-way valve means for 
connecting a source of operating fluid under 

55 pressure to said first port means of said first and 
second cylinders and for discharging operating 
fluid from said first port means. 

7. A fluid pumping system as defined in Claim 

6 including second four-way valve means for 
60 admitting fluid to be pumped to said first and 

second cylinders through said second port means 
and for discharging pumped fluid from said 
second port means. 

8. A fluid pumping system as defined in Claim 
65 6 including check valve means for admitting fluid 



to be pumped to said first and second cylinders 
through said second port means and for 
discharging pumped fluid from said second port 
means. 

70 9. A fluid pumping system as defined in Claim 
5 wherein said first face of the pistons is larger 
than the second face thereof for the discharge of 
pumped fluid from said second port means at a 
pressure greater than operating fluid pressure 

75 admitted to said first port means. 

10. A fluid pumping system as defined in Claim 
5 wherein said first and second cylinders are 
axially aligned and said means interconnecting 
said second faces of the pistons comprises a 

80 piston rod. 

1 1. A fluid pumping system as defined in Claim 
1 0 wherein said cylinders are formed with a 
unitary inner end wall through which said piston 
rod extends In sliding fluid-tight engagement 

85 therewith. 

12. Energy recovery means for use in pumping 
fresh brine to a reverse osmosis system, or the 
like, which system includes an inlet conduit to 
which fresh brine is pumped, a fresh water outlet 

90 from which fresh water is discharged, and a spent 
brine outlet conduit from which spent brine is 
discharged at a pressure less than the pressure of 
fresh brine at the inlet conduit, a source of fresh 
brine, and a main pump for supplying brine from 
95 the fresh brine source to the fresh brine inlet 
conduit, said energy recovery means including, 

first and second axially aligned cylinders having 
opposite closed inner and outer ends, 

first and second pistons axially movable in said 

1 00 respective first and second cylinders, each piston 
having opposed inner and outer faces, 

means for interconnecting the inner faces of 
the pistons for simultaneous movement thereof, 
the effective area of the outer faces being greater 

1 05 than that of the inner faces thereof, 

means including first valve means movable 
between first and second conditions for directing 
spent brine from the reverse osmosis system to 
the outer end of the first cylinder to drive said 

1 1 0 interconnected pistons in one direction while 
venting spent brine from the outer end of the 
second cylinder in the first condition of said first 
valve means, and for directing spent brine from 
the reverse osmosis system to the outer end of 

1 1 5 the second cylinder to drive said interconnected 
pistons in an opposite direction while venting 
spent brine from the outer end of the first cylinder 
in the second condition of said first valve means, 
and 

120 means including second valve means for 

directing fresh brine from a fresh brine source to 
the inner end of the second cylinder while 
directing fresh brine contained in the inner end of 
the first cylinder to the fresh brine inlet of the 

1 25 reverse osmosis system during movement of said 
pistons in said one direction, and for directing 
fresh brine from a fresh brine source to the inner 
end of the first cylinder while directing fresh brine 
contained in the inner end of the second cylinder 

1 30 to the fresh brine inlet of the reverse osmosis 
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system during movement of said pistons in said 
opposite direction. 

1 3. Energy recovery means as defined in Claim 

1 2 where said first valve means comprises a first 
5 four-way valve movable between said first and 

second conditions at opposite end positions of 
said interconnected pistons. 

1 4. Energy recovery means as defined in Claim 

1 3 wherein said second valve means comprises a 
1 0 second four-way valve simultaneously movable 

between first and second valve conditions with 
said first four-way valve. 

1 5. Energy recovery means as defined in Claim 
1 3 wherein said second valve means comprises a 

1 5 plurality of check valves. 

1 6. Energy recovery means as defined in Claim 
1 2 including a throttle valve in at least one of the 
reverse osmosis system inlet and spent brine 
outlet conduits for control of reverse osmosis 

20 system pressure. 

1 7. Energy recovery means as defined In Claim 
1 6 including means responsive to the pressure of 
fresh brine at the inlet conduit to the reverse 
osmosis system for automatic control of the 

25 throttle valve setting. 

1 8. A method of delivering fresh brine to a 
reverse osmosis device, or the like, by use of main 
pump means and a plurality of interconnected 
motor-pump means using spent brine from the 

30 reverse osmosis device as motive fluid for said 
motor-pump means, each motor-pump means 
including a closed cylinder with a reciprocably 
movable piston therein separating the cylinder 



into motor and pump chambers, each piston 

35 having opposite faces of different effective area 
with the larger piston face being included in the 
motor chamber and the smaller face in the pump 
chamber for pressure amplification, said pistons 
being interconnected for simultaneous movement 

40 thereof, said method comprising 

sequentially supplying spent brine from the 
reverse osmosis device to the motor chambers for 
piston movement from start to end positions 
while simultaneously sequentially pumping fresh 

45 brine from the associated pump chambers to the 
inlet of the reverse osmosis device, and 

sequentially supplying fresh brine to the pump 
chambers while simultaneously sequentially 
dumping spent brine from the associated motor 

50 chambers during return piston movement from 
end to start positions. 

1 9. A method as defined in claim 1 8 including 
controlling system pressure by pumping fresh 
brine from the pump chambers to the inlet of the 

55 reverse osmosis device through a throttle valve, 
and controlling the throttle valve setting in 
accordance with the pressure at the inlet to the 
reverse osmosis device. 

20. Energy recovery means substantially as 
60 herein described with reference to Fig. 1 or Fig. 2 

of the accompanying drawings. 

2 1 . A method of delivering fresh brine to a 
reverse osmosis device, the method being 
substantially as herein described with reference to 

65 Fig. 1 or Fig. 2 of the accompanying drawings. 
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